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ZERO POWER CHIP STANDBY MODE 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

The present invention relates generally to memory devices. More particularly, the 
present invention relates to a zero power standby mode in a memory device, and even 
more particularly, to a zero power standby mode in a system, such as a wireless battery 
powered handheld device. 

2. Description Of The Related Art 

This section is intended to introduce the reader to various aspects of art that may 
be related to various aspects of the present invention, which are described and/or claimed 
below. This discussion is believed to be helpful in providing the reader with background 
information to facilitate a better understanding of the various aspects of the present 
invention. Accordingly, it should be understood that these statements are to be read in 
this light, and not as admissions of prior art. 

Wireless, battery-powered handheld devices, such as cellular phones, handheld 
computers, and personal digital assistants (PDAs) are becoming increasingly useful in 
today's computer industry. Cellular phones are becoming increasingly tantamount to 
competent business practices, in addition to being highly demanded for personal use. 
Conventional PDA units and handheld computers typically provide a user with a handheld 
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device which serves as an abbreviated version of a larger laptop or desktop computer 
system. They provide a user with an operating system and various software programs to 
accommodate scheduling, word processing, and a variety of other functions. 
Advantageously, these units comprise small, light-weight systems which provide a 
significant amount of computing power. However, it is clear that with the advantages of 
decreasing the size of a computing system, certain functional tradeoffs typically must be 
made. 

With the proliferation of wireless, battery-powered handheld devices, one of the 
biggest challenges for designers is to provide a wireless power supply which is small 
enough to be incorporated into these small and mobile devices, while providing a sufficient 
amount of power to provide adequate functionality of the device for as long as possible. 
Techniques for reducing power consumption without reducing device functionality, such as 
by providing low standby power while the device is not being used, are becoming 
increasingly important to extended battery usage. For handheld devices incorporating 
memory chips such as Static or Dynamic Random Access Devices or FLASH (SRAMs or 
DRAMs or FLASH), "zero-power" standby modes are often implemented. Zero-power 
standby modes generally refer to sleep states in which a system or device draws a minimal 
amount of current and thereby consumes a minimal amount of power. Though typical zero- 
power standby modes consume relatively less power than normal modes of operation, the 
standby mode may not truly be a zero-power standby mode, despite the use of the term 
"zero-power." Standby modes typically result in a leakage current of 10-20 |iA. The 
leakage current is typically produced from the complimentary metal-oxide-semiconductor 
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(CMOS) technology which is typically used to manufacture SRAM and DRAM devices. 
CMOS junction leakage, sub-threshold leakage, and gate induced drain leakage (GIDL) in 
the memory core device. Other CMOS-based devices such as universal serial bus (USB) 
controllers, digital signal processors (DSP), and baseband processors may also exhibit these 
leakage mechanisms. While this amount of leakage current is tolerable in many 
applications, it would be advantageous to reduce the leakage current to provide a true zero- 
power standby mode and thus, increase the battery life of the handheld devices. 

The present invention may address one or more of the problems set forth above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages of the invention will become apparent upon 
reading the following detailed description and upon reference to the drawings in which: 

Fig. 1 illustrates a block diagram of an exemplary wireless, battery-powered 

device; 

Fig. 2 illustrates a cross section of an exemplary CMOS inverter and the leakage 
currents associated therewith, and an isolation circuit in accordance with the present 
techniques; 


Fig. 3 is a schematic illustration of the elements described in Fig. 2; and 
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Fig. 4 illustrates a block diagram of a memory device incorporating the isolation 
circuit illustrated in Fig. 3 in accordance with the present techniques. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

One or more specific embodiments of the present invention will be described 
below. In an effort to provide a concise description of these embodiments, not all 
features of an actual implementation are described in the specification. It should be 
appreciated that in the development of any such actual implementation, as in any 
engineering or design project, numerous implementation-specific decisions must be made 
to achieve the developers' specific goals, such as compliance with system-related and 
business-related constraints, which may vary from one implementation to another. 
Moreover, it should be appreciated that such a development effort might be complex and 
time consuming, but would nevertheless be a routine undertaking of design, fabrication, 
and manufacture for those of ordinary skill having the benefit of this disclosure. 

Turning now to the figures and initially referring to Fig. 1, a block diagram of an 
exemplary wireless, battery-powered handheld device is illustrated. The handheld device 
10 may be a cellular phone, handheld computer, personal digital assistant (PDA) or any 
other wireless, battery-powered device. The handheld device 10 includes a processor 12, 
such as a microprocessor and a power supply 14, such as a rechargeable battery or a 
replaceable battery which may be located internally or externally with respect to the 
handheld device 10. The processor 12 and the power supply 14 are also coupled to a 


MICS:0071 

memory 16. The memory 16 may include non- volatile memory 17, such as read only 
memory (ROM) or flash memory, to store application and system software. Further, the 
memory 16 includes a section of volatile memory 18, which may include static random 
access memory (SRAM) devices and/or dynamic random access memory devices. The 
size of the non- volatile memory 17 is typically selected to be just large enough to store 
any necessary operating system, applications programs, and fixed data. The volatile 
memory 18, on the other hand, may be larger to facilitate the dynamic storage of certain 
applications and information entered by a user. The volatile memory 18 generally 
comprises millions of logical elements which are produced using CMOS technology, for 
example. 

Various other devices may be coupled to the processor 12, depending on the 
specific handheld device 10. For instance, a user interface 20 may be coupled to the 
processor 12. The user interface 20 may include an input device, such as buttons, 
switches, a keyboard, a light pin, a mouse, and/or a voice activated interface, for instance. 
A display 22 may also be coupled to the processor 12. The display 22 may include an 
LCD display, LEDs, and/or an audio display. A communication port 24 may be adapted 
to be coupled to a peripheral device 26, such as a modem, a printer, a docking station, a 
desktop computer, or a network device, for instance. 

Turning now to Fig. 2, an exemplary CMOS inverter, generally illustrated by 
reference numeral 27, and an isolation circuit, here a p-channel FET 28, are illustrated. 
The isolation circuit, here the p-channel FET 28, may be used to disconnect the CMOS 
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inverter 27 on the SRAM/DRAM chip from the power signal Vcc delivered by the 
external (with respect to the SRAM/DRAM chip) power supply 14. By gating the chip 
and disconnecting the power path to the chip during standby mode, the leakage currents 
discussed above can be reduced to zero. The CMOS inverter 27 is shown by way of 
example to illustrate the leakage mechanisms associated with CMOS technology. The 
same leakage mechanisms are generally applicable to other CMOS elements, such as 
NAND and NOR gates, for example, which may be incorporated in the volatile memory 
18. While a CMOS inverter 27 is illustrated, the present techniques, can be used to 
eliminate the leakage mechanisms in various CMOS elements, such as NAND and NOR 
gates, for instance. 

As generally understood by those skilled in the art, the basic CMOS inverter 27 
includes two complimentary transistors: a p-channel FET 30 and an n-channel FET 32. 
The drains of the FETs 30 and 32 are tied together to form a single output node 34. The 
gates 36 and 38 of the FETs 30 and 32 are also tied together to provide a single input 
node 40 to both of the FETs 30 and 32, which is configured to receive an input signal IN. 
The source 42 of the n-channel FET 32 is tied to a ground signal GND. Typically, the 
source 44 of the p-channel FET 30 receives a voltage signal Vcc from the power supply 
14 (Fig. 1). However, as will be explained further below, the p-channel FET 28 has been 
placed in the power path to provide an isolation mechanism to eliminate the leakage 
current. Thus, the source 44 of the p-channel FET 30 receives a gated voltage signal 
which may be referred to as internal voltage signal Vccx. 
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Before discussing the isolation technique, the present leakage mechanisms are 
briefly described. At the wafer level, a p-type substrate 46 with an n-type well region 48 
includes p-doped (p+) and n-doped (n+) regions to facilitate the current flow over the 
channel of each FET 30 and 32. In typical SRAM and DRAM devices incorporating a 
low-power standby mode, leakage current, gate induced drain leakage (GEDL) and sub- 
threshold leakage often result in a power loss resulting from a leakage current of at least 
10-20 nA while the device is in standby mode, as previously discussed. 

Depending on whether an input voltage IN is applied at the input node 40, the 
output node 34 (common drain) is either logically high or logically low. If there is a 
logic high voltage Vcc supplied at the input 40, the output 34 will be at a logical low. If 
there is a logic low voltage GND supplied at the input 40, the output 34 will be at a 
logical high. If a logical high exists on the output node 34, current leakage occurs from 
the n+ region 50 to the p-substrate 46 at the junction point of the regions by means of 
reverse biased junction leakage. Similarly, if a logical low exists on the output node 34, 
current leakage occurs from the p+ region 52 to the n-well region 48 at the junction point 
of the regions again by reverse biased junction leakage. Further, junction leakage occurs 
from the n-well region 48 to the p-type substrate 46 whenever the n-well region 48 is 
powered-up by the Vcc signal. 

To eliminate the junction leakage with an isolation circuit, a p-channel FET 28 
may be added in the power path of the voltage signal Vcc. Instead of coupling the source 
44 of the CMOS element, here the inverter 27, the source 54 of the p-channel FET 28 is 
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coupled voltage source Vcc. The drain 56 is coupled to the source 44 of the p-channel 
FET 30 and to an internal power supply bus (illustrated in Figs. 3 and 4), which carries an 
internal voltage signal Vccx to various elements within the SRAM/DRAM chip. As 
discussed further below, any elements coupled to the internal power supply bus can be 
disconnected from the external voltage source Vcc using the isolation circuit, here the p- 
channel FET 28. The gate 58 of the p-channel FET 28 is configured to receive the 
control signal POWERDOWN, which provides the control for the isolation circuit, as is 
further illustrated with reference to Fig. 3. 

Fig. 3 is a schematic illustration of the inverter 27 and the p-channel FET 28 
illustrated in Fig. 2. For clarity, like reference numerals are used to describe elements 
identical to or similar to those previously discussed. Thus, the isolation circuit, here the 
p-channel FET 28 receives the external power signal Vcc at its source 54. The drain 56 is 
coupled to an internal power bus 60 and is configured to provide an internal voltage 
signal Vccx. Any elements tied to the internal power bus 60, such as the CMOS inverter 
28 illustrated by way of example, can be isolated from the external power signal Vcc. 
The gate 58 of the p-channel FET 28 receives the control signal POWERDOWN. By 
enabling the control signal POWERDOWN, all internal elements which receive the 
internal voltage signal Vccx will be isolated completely from the external voltage signal 
Vcc. Thus, the p-channel FET 28 acts like a master switch to disconnect the external 
power signal Vcc from the internal power bus 60 inside the DRAM/SRAM or other 
semiconductor device, as is further illustrated in Fig. 4. When the power signal Vcc is 
disconnected, the drain current and junction leakage paths are eliminated to allow the 
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DRAM/SRAM chip to enter into an ultra low power standby mode. Advantageously, by 
physically disconnecting the external power signal Vcc from the device, the GIDL and 
subthreshold leakage mechanisms are also eliminated. As should be evident to those 
skilled in the art, other equivalent circuits such as an n-channel with a pumped gate may 
be used to isolate the external power supply from the internal power supply bus. 

Fig. 4 illustrates a simplified block diagram of a portion of an SRAM/DRAM chip 
64 that implements a power-down scheme in accordance with the techniques described 
with reference to Figs. 2 and 3. The SRAM/DRAM chip 64 is generally part of the 
volatile memory 18, as previously discussed with reference to Fig. 1. While an 
SRAM/DRAM chip 64 is illustrated, the same techniques may be applied to a FLASH 
memory chip or other devices with similar leakage mechanisms such as DSP or USB 
chips, for example. The SRAM/DRAM chip 64 includes a pad 66 configured to receive a 
power signal Vcc from a power supply 14. As previously described, the power supply 14 
may be a battery within the handheld device 10. The power supply 14 is located 
externally with respect to the SRAM/DRAM chip 64 and delivers the power signal Vcc 
to the pad 66 and to the isolation circuit, here p-channel FET 28, located internally with 
respect to the SRAM/DRAM chip 64. Specifically, the power source Vcc is delivered to 
the source 54 of the p-channel FET 28. The drain 54 of the p-channel FET 56 is tied to 
the internal power bus 60, thereby delivering the external voltage signal Vcc to the 
internal power bus 60 while the SRAM/DRAM chip 64 is in a normal mode of operation 
and the control signal POWERDOWN is disabled. Internal components in the 
SRAM/DRAM chip 64, such as the CMOS inverter 27, receive the internal voltage signal 
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Vccx from the internal power bus 60. When the control signal POWERDOWN is 
enabled, thereby indicating that the SRAM/DRAM chip 64 is in power-down or standby 
mode, all internal elements in the SRAM/DRAM chip 64 are powered down since the 
power signal Vcc from the power supply 14 is completely cut-off from the internal power 
bus 60. Thus, the leakage current from the CMOS memory device (here the 
SRAM/DRAM chip 64) is eliminated, and a true zero-power standby mode can be 
achieved. 

A pad 68 may be used to provide an input buffer 70 with the input signal INPUT 
from the pad 68. The input buffer 70 is connected to the input gate 64 of the p-channel 
FET 60 to provide the control signal POWERDOWN to isolate the internal supply bus 60 
from the external power source Vcc when the SRAM/DRAM 64 transitions to standby * 
mode. At the satisfaction of some predetermined condition which triggers initiation of 
the standby mode, such as the expiration of a timeout circuit, the input buffer 70 sends a 
control signal POWERDOWN to the p-channel FET 28 to isolate the internal supply bus 
60 from the external power supply Vcc. Similarly, once another condition is satisfied 
which triggers a return to a normal mode of operation, such as the pressing of a key on 
the handheld device, the input buffer 70 disables the control signal POWERDOWN, 
thereby restoring external power Vcc to the internal supply bus 60. The input buffer 70 
may continue to receive the power signal Vcc during standby mode. 

Further, in one embodiment of the present technique, other control blocks, such as 
an output buffer 72, drive controller 74, and pad driver 76, may remain powered up while 
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the rest of the chip 64 is in standby mode. It may, for instance, be advantageous to 
deliver the power signal Vcc to certain internal elements which are slow to restart and 
which may cause undesirable delays in transitioning out of standby mode. Further, it 
may be advantageous to select certain internal elements to remain functional during 
standby mode to prevent inadvertent interaction with external devices while the 
SRAM/DRAM chip 64 is in standby mode. Here, the power signal Vcc is delivered to 
the output buffer 72, the drive controller 74, and the pad driver 76 to keep the I/O pad 78 
in a tri-state condition during transitions between modes. By "tri-stating" the I/O pad 78 
which serves as a bus driver providing the SRAM/DRAM chip 64 access to the rest of the 
system, such as a handheld device 10, the power down state of the SRAM/DRAM chip 
64 will not adversely effect other elements in the system. 

The output buffer 72 prevents the rest of the system from being affected by 
transitions between normal and standby modes of operation. The output buffer 72 may 
include a number of latches and storage elements to store data temporarily until it is 
appropriate to latch the data out of the output buffer 72. The output buffer 72 may also 
provide inputs to the drive controller 74. 

The drive controller 74 is used to drive the output pad (or pads) 78 high, low, or 
into a tri-state condition. In and exemplary embodiment, the drive controller 74 may 
include a NAND gate 80, a NOR gate 82, and an inverter 84. The NAM) gate 80 and the 
NOR gate 82 each receive a signal from the output buffer 72, as well as the power signal 
Vcc which is supplied through the pad 66. The second input of the NOR gate 82 is 
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coupled to the input buffer 70 to provide the power down control signal indicating 
whether the internal power bus is powered down. The second input of the NAND gate 80 
receives the inverted power down control signal from the input buffer 72 through the 
inverter 84. Further, the drive controller 74 may include delay latches to insure proper 
signal timing. 

The pad driver 76 is coupled to the outputs of the drive controller 74. 
Specifically, the outputs of the NAND gate 80 and the NOR gate 82 may be coupled to 
the gates of FETs 86 and 88 in the pad driver 76. The output of the NAND gate 80 is 
delivered to the gate of the p-channel FET 86. The source of the p-channel FET 86 
receives the power signal Vcc, even when the SRAM/DRAM chip 64 is in standby mode. 
The output of the NOR gate 82 is delivered to the gate of the n-channel FET 88. The 
source of the n-channel FET 88 is tied to a ground source GND. The drain of each FET 
86 and 88 is tied together and provides a single input for the I/O pad 78. 

By providing a power signal Vcc to the p-channel FET 28 and controlling the 
application of the power signal Vcc to the internal power bus 60 using the input buffer 
70, a true zero-power standby mode can be achieved. Further, the power signal Vcc may 
be coupled to selected components on the SRAM/DRAM chip 64, such as the drive 
controller 74 and pad driver 76 to provide a minimal amount of power to these 
components during standby mode, or to insure that other components of the handheld 
device 10 are not affected by the transitions between modes of operation. 
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It should be understood that while the present techniques were described with 
reference to battery-powered handheld devices, it should be evident to those skilled in the 
art that the techniques described herein are applicable to any system in which power 
budgeting is preferred. Further, while the invention may be susceptible to various 
modifications and alternative forms, specific embodiments have been shown by way of 
example in the drawings and have been described in detail herein. However, it should be 
understood that the invention is not intended to be limited to the particular forms 
disclosed. Rather, the invention is to cover all modifications, equivalents, and 
alternatives falling within the spirit and scope of the invention as defined by the 
following appended claims. 
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